The quantitative behaviour of ion-exchange resins in the analysis by column chromatography of mixtures of amino acids (Moore & Stein, 1951) is already well established. Microbead sulphonated polystyrene resins have been used for analysing protein hydrolysates (Askonas, Campbell, Godin & Work, 1955; Van der Schaaf & HEuisman, 1955; Jacobs, 1956a) . Similar methods were employed in the study of phosphorus-containing peptides present in hydrolysed protein by Flavin (1954) In a study of protein-free aqueous extracts of hen brain and spinal cord we have characterized some of the peaks obtained by chromatography and have compared the two tissues. This paper is concerned primarily with peaks containing both nitrogen and phosphorus. In addition to analysis of fractions of eluate by the ninhydrin reaction, they were analysed for phosphorus and choline. Glycerylphosphorylcholine and phosphorylcholine were distinguished by the fact that the former is rapidly hydrolysed by acid, whereas the latter requires more vigorous conditions.
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The quantitative behaviour of ion-exchange resins in the analysis by column chromatography of mixtures of amino acids (Moore & Stein, 1951) is already well established. Microbead sulphonated polystyrene resins have been used for analysing protein hydrolysates (Askonas, Campbell, Godin & Work, 1955; Van der Schaaf & HEuisman, 1955; Jacobs, 1956a) . Similar methods were employed in the study of phosphorus-containing peptides present in hydrolysed protein by Flavin (1954) and by Schaffer, Harshman & Engle (1955) ; Tallan, Moore & Stein (1954) used them for separating phosphorylethanolamine and glycerylphosphorylethanolamine from tissue extracts. Apart from the last-mentioned work the technique has, however, been applied but little in the study of nitrogencontaining phosphate esters, and in particular no report on the analysis by this means of phosphorylcholine and its derivatives has yet appeared.
In a study of protein-free aqueous extracts of hen brain and spinal cord we have characterized some of the peaks obtained by chromatography and have compared the two tissues. This paper is concerned primarily with peaks containing both nitrogen and phosphorus. In addition to analysis of fractions of eluate by the ninhydrin reaction, they were analysed for phosphorus and choline. Glycerylphosphorylcholine and phosphorylcholine were distinguished by the fact that the former is rapidly hydrolysed by acid, whereas the latter requires more vigorous conditions.
The presence of phosphorylserine, glycerylphosphorylethanolamine and phosphorylethanolamine in brain and spinal cord, and of phosphorylcholine, glycerylphosphorylcholine and of other phosphorus compounds in brain, has been confirmed; amounts of some of these have been measured. The chromatographic behaviour of some free phosphate esters has been studied quantitatively. (Hirs, Moore & Stein, 1956) . No Fig. 1 . Effluent (about 500 ml.) was Bioch. 1959, 73 561 R. W. R. BAKER ANT) G. PORCELLATI collected in 2 ml. fractions, the flow rate being 5 ml./hr.
EXPERIMENTAL
The column was then regenerated in situ with NaOH and buffer (1) as described above.
For examination of peaks detected as described below, the component fractions were pooled and two-dimensional chromatography on paper was applied as reported earlier (Porcellati, 1958) . Where necessary, removal of cations from solutions (Jacobs, 1956b) was carried out by passing them under pressure (10 cm. Hg.) of nitrogen through columns (5 cm. long, 1 cm. diam.) of Zeo-Karb 225 microbead resin in the free-acid form, washed in situ with water. After adsorption, the column was washed free of acids with water and then eluted with aq. 0-2N-NH3 soln. (45 ml.). Eluates were distilled under reduced pressure to 2-3 ml. and evaporated to dryness on a water bath. Residues were taken up in 01N-HCI for application to paper. Washing of the resin before and after adsorption was controlled by measuring the conductivity of effluent with an alternatingcurrent bridge and platinized electrodes; generally 50 ml. of water was required for each wash.
Analysis of effluent. (1) Ninhydrin reaction. The method of , modified as described below, was used with all or part of each fraction tested, water being used to bring the sample to 2 ml. As standard, leucine (0-2 pmole/2 ml. in citrate buffer, pH 5.1) was used. The original preparation ofthe ninhydrinhydrindantin reagent was modified (Jacobs, 1956b) in that the solution of ninhydrin (AnalaR) and hydrindantin in methyl Cellosolve (2-methoxyethanol) was treated with its own volume of Zeo-Karb 225 (H) to remove ammonia and trace metals and stored over the resin in an atmosphere of nitrogen before mixing with acetate buffer. Blank values were reduced to a uniform low value as a result.
(2) Choline. After hydrolysis of 1 ml. from the fraction in 2N-HCI for 1 hr. under reflux, or for 48 hr. in a sealed tube at 1230, the solution was evaporated to dryness on a water bath, with further evaporation, after addition of 3 ml. (w/v) trichloroacetic acid and choline was determined by the periodate method (Webster, 1956 1, Phosphorylserine; 2, glycerylphosphorylethanolamine; 3, glycerylphosphorylcholine; 4, phosphorylethanolamine; 5, phosphorylcholine; 6, taurine; 7, urea; 8, unknown; 9, peptide;-10, aspartic acid; 11, threonine; 12, serine. 45-49 (44-46 in cord) was phosphorylserine. The molar ratio amino nitrogen: P was 1 10 (calc. 1 00). Peak 61-71 (61-69 in cord) was identified as glycerylphosphorylethanolamine by chromatography of the substance alone and after admixture with the authentic material. Chromatograms of the hydrolysed materials (2N-HCI; 2 hr.; 1000) revealed the presence of glycerophosphate, ethanolamine and a small amount of inorganic phosphate. The molar ratio amino nitrogen: P was 0 89, a low value which may be interpreted as due to contamination of the substance with glycerylphosphorylcholine.
The major component 82-87 (82-88 in cord) was found to be phosphorylethanolamine. After hydrolysis (6N-HCI; 48 hr.; 1200; sealed tube), evaporation and desalting, analysis on paper chromatograms showed the presence of ethanolamine, inorganic phosphate and a small amount of unchanged phosphorylethanolamine. The molar ratio amino nitrogen: P found was 0-98 for the peak material. The unidentified minor peak (33-36) was of high phosphorus content, amino nitrogen and P being present in approximately equimolar amounts.
Brain fractions (37-41) gave after hydrolysis a deeper colour with ninhydrin, and on paper chromatography six ninhydrin-reacting spots were revealed, and this peak is therefore considered to be of peptide-like composition; no phosphorus was detected. Another component (fractions 135-139 in brain and 138-141 in cord) showed similar behaviour but contained phosphorus. The identity of these peaks was confirmed by paper chromatography with and without hydrolysis, by analysis for phosphorus and by the pentose reaction with orcinol. Although in brain the quantity of this fraction is such that only 44 pg. of P is present in 100 g. of wet tissue, the amount in spinal cord is very much larger (more than 0 7 mg. of P/100 g. of tissue). The substance was hydrolysed only slowly in 6N-HC1 (sealed tube; 1200) and was still detectable after 48 hr. The absorption found in the ninhydrin reaction with hydrolysate was about 6-4 times that obtained with the parent peptide. Among the five or six major products of hydrolysis resolved on paper chromatograms, provisional identifications of phosphorylserine, phosphorylethanolamine, glutamic acid and valine have been made. The original substance gave a green in the orcin reaction for pentose.
In addition, some of the more prominent ninhydrin-reacting fractions from brain not containing P were identified as taurine (91-100), aspartic acid (206-222), threonine (223-233) and serine (241 et 8eq.). The prominent phosphorus-free component (fractions 131-133) and a lesser one (178-182) remain unidentified.
The presence of phosphate esters of choline in the brain extract was confirmed in further work with similar columns. Fractions of eluate were analysed by hydrolysing and then determining the choline liberated. This was necessary since choline, in the quantities treated, does not give any colour with ninhydrin, a fact that confers some specificity. Two fractions containing choline were found (Fig. 2) . The peak (65-71) liberated all its choline after hydrolysis (6N-HCI; 1000) for 1 hr., as is found with glycerylphosphorylcholine, in contrast with phosphorylcholine, which is hydrolysed only under the more vigorous conditions described below (Dawson, 1955) . The position of the peak corresponded with that found when authentic glycerylphosphorylcholine was run chromatographically in the same way. The pooled fractions of the peak from brain extract, after desalting, were examined by paper chromatography in two directions, with spraying to reveal esterified phosphate (Bandurski & Axelrod, 1951) ; the result confirmed the identity of the glycerylphosphorylcholine and revealed the presence in the same fraction ofglycerylphosphorylethanolamine, as had been found earlier. Control experiments showed that the latter, in a quantity such as that present, did not influence the determinationation of choline by the method used, although excess ofglycerylphosphorylethanolamine (2 mg.), when hydrolysed as described above, gave a faint final magenta pink in CHC13, clearly different from the red-orange given by choline. Since the two substances are resolved poorly if at all by the column, analysis for P is equivocal. The second peak in which choline was detected (85-91, Fig. 2 ) was identified as phosphorylcholine, which yields the base quantitatively only on hydrolysis for 48 hr. (6N-HCI; 120°; sealed tube). Two-dimensional chromatograms of the unhydrolysed pooled desalted material, sprayed to reveal esterified phosphorus, showed a spot corresponding to that for authentic phosphorylcholine. The choline: P molar ratio was 1 04: 1. Chromatography on the column of pure phosphorylcholine gave a peak in the same position, revealed by analysis both for P and for choline. Our result indicates 12-0-17-2, mean 14-1 mg./100 g., as the phosphorylcholine content of brain. Taurine, urea, HCl and citrate buffer were shown in control experiments not to interfere with the estimation of esterified choline by the hydrolysis and colorimetric methods employed. Recoveries of 98 and 99 % for phosphorylcholine and glycerylphosphorylcholine respectively were recorded when a mixture of 2 Hmoles of each of the pure compounds was run on the column, followed by estimation of both P and choline in the effluent. No free choline was detected in the eluates examined, as would be expected since such a basic substance would appear only at much greater, eluate volumes.
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Hen-brain extract from one bird only was analysed directly for choline compounds, without acid treatment and after hydrolysis for 1 hr. or 48 hr. as described above (Dawson, 1955) . This differential hydrolysis indicated that 100 g. of the tissue contained 2-4 mg. of 'free choline', 2 1 mg. of glycerylphosphorylcholine and 9-8 mg. of phosphorylcholine. The value for free choline obtained by the iodine method with an extract containing so many substances should be taken only as provisional. DISCUSSION
The chromatographic method described appears to be well suited, in conjunction with specific colorimetric methods, for the determination not only of amino acids, but of phosphate esters of choline, ethanolamine and serine in extracts of brain or spinal cord. Sharp peaks were obtained with each of the various classes of substance, ranging from those of relatively small molecular weight to others of grosser structure resembling peptides. Some overlapping did occur, as, for example, with the glycerylphosphoryl derivatives of ethanolamine and choline, but here confusion was avoided by the differential use of specific methods of analysis. The value obtained by Tallan et al. (1954) by column chromatography for the amounts of phosphorylethanolamine (41.9 mg./100 g.) in cat-brain extracts is greater than the quantities found in rat brain by other authors (12 mg./100 g., Awapara, Landua & Fuerst, 1950; 9 mg./100 mg., Ansell & Dawson, 1952; 22 mg./100 mg., Ansell & Richter, 1954) who relied on paper chromatograms. With hen brain, there was reasonable agreement found in this Laboratory between the values from the column and results with paper chromatography. Thus for phosphorylethanolamine a quantity of 19X6 mg./ 100 g. of brain was found with the column, and 13-8 mg./100 g. by the paper method (Porcellati, 1958) . For phosphorylcholine also the results with the column (12-0-17-2 mg./100 g.) are fairly close to those obtained by paper chromatography (9.2 mg./100 g., Porcellati, 1958) . These values quoted from analysis on papers have not been corrected for the loss that is known to occur. Whereas recoveries in two-dimensional chromatography are known to be between 75 and 85 %, the column analysis is much more quantitative, as shown, for example, by recoveries of 17 amino acids , and as found in the present work with phosphate esters of choline. Lower quantities of phosphorylserine were, however, found in brain by the column method (1.36 mg./ 100 g.) than by paper chromatography (4.3 mg./ 100 g.) (Porcellati, 1958) . This discrepancy can probably be attributed to the superior resolving power of the column, for on the paper the phosphorylserine may be contaminated with peptides.
Since this paper was written, there has appeared a report (Okumura, Otsuki & Aoyama, 1959 ) of analysis of hen-brain extract on Dowex resin. Values found for glycerylphosphorylethanolamine (24.9 mg./100 g. of tissue) and aspartic acid (33.4 mg./100 g.) fall within our range; values for phosphorylethanolamine (45-8 mg./100 g.) and taurine (4.4 mg./100 g.) are higher whereas the amount of threonine (4.2 mg./100 g.) is lower than that found in the present investigation. SUMMARY 1. Deproteinized aqueous extracts of avian brain and spinal cord have been resolved by chromatography on a column of a finely divided sulphonated polystyrene resin and the more mobile components examined.
2. The method is shown to be suitable for the separation and quantitative estimation of phosphorylcholine and glycerylphosphorylcholine in brain and spinal cord.
3. Phosphorylserine was well resolved. Phosphorylethanolamine and glycerylphosphorylethanolamine, although overlapping to some extent their choline counterparts, could be determined by specific reaction with ninhydrin and the quantities present in brain were ascertained.
